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#2000-1 85554 

mmffi&mm<Dm^±izmmznt=.vyimm (bp) &tfmfr*>& 
(GaN) i iiitti5 B H a gi:, i immtmn&M±izm?t> 

©rate, MfH^Mi:#3i$:^^ll2^«^(Z)^®^--^ y^ttitf, grffH I I I 

it&MhtsMi fcv^L 5tcfa«o i i i«Sft*^#^^>f 

1 ffi!£# 2001-3037487 



#2000-185554 

yitJSWl* (GaN H P r filO<X<l) 
Jg l &v> L 7 lcfa«<Z> I I I ^ft%¥##!8ft#*-Y >f- Ko 
Clt#S9] ^^n^^^^^gP^^ti^^^U ?A (GaN)^IIIi 

^fb^HM*:, mi i immtmmg&m±izmv bfttmm'&mmmitmffiM, 

vAsrt^ttsi i ii^fbM^tt^ft**^ ;r- FMMo 

[flSlO] buIB^®^--^ ^y^«^*\ iyfB&J^*ffitf>JSHtf>firg{CgBfi£ 
tiTvx-5-,i:S:#^[i:-rsif*^9icfB«©i I I nmk*fo¥mik%yh#-( 

[Sf3fcgU l] gfffB^®^--^ ^y^«@^, B&fB£MM©^i>fc^UT:£:&*f 
ffc<D&StcBBS2ftT^£3££#^£l-&it;£jg9 o (cfB«<Z) i i i 

5rii5:#^ttSiM9^v^i 3 {cgs«<z> I I l&g*fc&4M*#*8ft#>f 
tf- Fill. 

cut ^ i 5 ] fffSB*®^-- ^ >y ->rnmv>ffim<D&$tw* -mWLftytMm<Dmmm. 
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#2000—185554 

©5%jw±t3 o%u't£ Lt^zn^^mt-r^m^i 4 izmmo 1 1 imm 

VyiktfV?2± (GaN H P f filO<X<l) frb&&Z.£*ft&LH't&m 

[0 0 0 1 3 

v (ohmi c ) mM<Dmmwf&*mz.ti 1 inmitm*mfo$&%#>(*-\z 
(led) 1 imuitm*mfam%#j*- KM««icM-rs 0 

[0 0 0 2] 

-iVVVl* (A 1 X G a y I n^^N : 0 SX, Yll ) #^P>«sS P ni^I 

TSIffl I I I^-fbW#^iS$:^«$1±<5^*C -mz.mm (buffe 
r) MtfmVbnT^Z> W?2 - 2 2 9 4 7 6fMW .' if 77^ 7 

=bo«e>Sffcr;i/5-^A • #y c?a (jhj&jSSa i a G a/3 N:o^a, js £ 1 

) MS/* 3*1*0*5 (§rfia#F ? S¥2 - 2 2 9 4 7 6 -g«||l|«#ffiD - 

M, (ohmic) ««fcfc, f7 7>f7f©»»tt^S:S«i:t5 

g£*lT^6 (M*-^, 4#[»¥6-2 6 0 6 8 2#^ffl##M) . 
[0 0 0 3] 

if^ 7-f Tit 1 0 1 ±IZ A 1 a G a ^ N (Ola, (3^1, a + /3 = 

i ) lin o 2 ^irhxWLntc. nj&mitifv *>a <g a n) #e>.&.sT"3P*. 
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#2000—185554 

7«yKI103, Mit'ttV • A yVV2± (Ga y In H N: OSY^l) 

04. &£>*p^G aN^£fc3_£:g|5^-/ KM 1 0 5fr&fcSp 

ns^^f^^n (dh) *jt©»3twi o i i immitm 

»LED1 0 0©»rfl5»ig3:«5$WlCa*-r. 1 0 1 ^Stt-eifeS^ 
IC, pMtfnft-vy^lil 0 6, 1 0 7^niliMI4tpf 
(p^5*;KI10 5) &£>*n^te^® (n^79 KM 10 3) ^® 

_Lfca8tt*&g#&s 0 bp*>, n i o 7»^gpi o <D-&*wm?&m.&& 
MuzmTmrnzft-c^z. »3tau i o©-ajs:i»*-r-&fe«), nmgpi 

[0 0 0 4] 

y>ffc#V*A (GaP) ^>3lfSt (>>'J3» Wlfil5 H 9 B $:litL 
6 (M¥2-2 7 5 6 8 2ff»«#I) 0 r ©«tS«atfr©^K:& o Tte 

, vyitmm (bp) ^*^■^e)jBMlfM^:«lR'tss^l5*«Bg^snTv^s (tufa 

- 2 7 5 6 8 2#fM##flS) = &3S«fc*S«Jg*ltfMC 

ft £ &M*f tf>fg 2 £ £ tti£(Dfc#7£<£>«Jff $M£j£M_L JcBB 

fit--5©^jiMT'fe-5 10-247761 #M»#JM) . i<Z>t£3fe© 

[0 0 0 5] 

1 (aEM*--^ * 

fif*.£ft3fc<Z> I I IIiftW##LED 2 0 O0>¥M*J*&«5Sl$K:B2tC0![ 

^ts. vtmrni o i (sio-r-r >$o <^j^« 

41) fcUfcfcT. «M«^#©-«J&«2 0 2©*^g|Hciff-, Hi«3ftS0>#it 
WTfeS (IcfgB^gi^^ - 2 7 5 6 8 2 .- 
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#2000-185554 

m (c kmmm-t z> mvtem z #^ £ x mm * - $ ? * mm & mm? z> &mw # 
ftionx^& mm^-i 1 - 1 6 8 2 4 o^mmmmm) . 

[0 0 0 6] 

mw*-$vtmMiZ'<f£%:&V. fcotf &Sffcr;i/S-tf a • #u *a (ai x 

Ga y N:0^X, Y£l, X+Y=l) MtMJttCfgtf 6tf>#ji#lT*&£ (9# 
g§^6- 3 1 4 8 2 2-S§M##M) . b^bft^f), mfcT)l$.-V2* (A 1 
N) &tfgffc:tfy i» (GaN) (DmWlJg. (mobility) It. ffirffctfU 
A (G a A s ) f>U >ffc>f (I nP) ^©ffitf) I I I -V8Hfc-£8MN£ 

#:(^>■€■^^^cit^^{bTffisv^^c/^sv^ £n»^ r^vw^j (¥j&9i£ 

5^15 5, (80 3D«T, DK8IJ) , 2 8~2 91#I) . MA« 
, ^^T;i/^-^A (A IN) ®^fiT?<Z>IE?L#l&iK«: 1 4 c m 2 /V • s Tr& 

U, M*tf> ra«gai#S[©U>ftffl|^ (BP) tf)5 0 0 cm 2 /V • s(Cj:b^b 
T=fc*&l/3 0©<£3Kli:if*oTV^S (ffffH rft^A-f^j , 28~29I# 

m) o z.ntz.®>. v?mm*Mf&m±\c.m-m-}z>mm<z> 4 mMmm^mx* 

[0 0 0 7] 

m^mffifco^T{±f£<z> i 1 i -vnitism^mmzikmhx&z 1 1 i»§s 

ffltS^^$ntV>|, (#if6-3 1 4 8 2 2Wf#i) „ flUtf 

i^mmm<Dm±mic^ (au) *jK*»^*s38^tt^--^^^sfli^i8Wb*iT 

V^S (flirffi#IS¥ 6 - 3 1 4 8 2 2#M##$0 . L#Lfc#e>, 
[0 0 0 8] 

-Y y v V a • &$£Sfttt:& (no) fiiii; i i i l e d tfM 



ftiaiE#2 001-3037487 



#2000—185554 
Si^SrWtS ( r^^#«j^(7)^j ( m) *-M±. ¥tfc 1 1^3^30 

b#*t, 0ijK^i«!f) , 9 7~ioii#d D zammmzmmLxKm^ 
aN) jf{cov^©=i>* * hjs (»^38iftffljsi») tuKwti i immt 

«f4M»#L ED&#^^S&ffi#&*lTV^ (CD^F^Bg4 9 - 1 2 2 2 9 4 -5§-HJ! 

(DH^¥ 6 - 3 8 2 6 5 &tf<DA ppl. Phys. Lett 

. , Vol. 74, No. 26 (1999), 3930 — 3932 M#Bg) . 
[0 0 0 9] 

«*SffitCJ3VxTli, #KliS^iE?L (hole) ftSI<* 
JB3ftTV>£ (t5IBHH¥ 6 - 3 8 2 6 5 WApp 1. Phys. Let 

t. #m) o u^u noti i imm4tm¥m<b&&m£<D*- $ v vmm, 

mtmLXm^Vit^<, ±m<Dm^m^n& (forward volta 
g e : Vf ) #±#LTb£ (ffftfflfcfcfiriBA p p 1. Phys. L 

ett. , Vol. 74 (1999) #flg) □ 
[0 0 10] 

[ISWjWBft h <fc e» £ £ H!j£] 

[0011] 
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#2000—185554 

[0 0 1 2] 

St#jeffis«o*iB±tc^3nfcy >itmm (bp) *^e>ftsiBir 

GaN)|ll iBjgffcrt&fcSMi:, Ml I iS&^»*§©*±Jc8i*e>ftfc# 
*- Kfcfc^T, fulfil I i&gft#>iEia«©*ffifct&SS«Sfc©l8IK: 

[0013] 

(2) mfta^tw-^ mm&mnm&mmizmmznx^zztz 
mmt-tz (i) {cia«gcDi i immtto*m&ftyh#4*- k. 

(3) sffta^®^-^ ^fsa^jffisso^ojc^f iti^iofif 
&cfB«£*iTv^r nzmmt-tz en (2) icfa*<z)i 1 isaift* 

(4 ) if/ia^t®^-^ zmmtf. mm^&mm^^^ v^®mv>$Lmzm.w 
^nx^^zztzmmt-rz (1) j&v^l (3) icsb«©i i 

(5) |IH2Sllt-$9^iiA«. «tBSII»K:BBfllS*ife«»C©««^e>«^Sti 
T^S 3 (1) fcv*L (4) tcSa*S(Z> I I I Mmtm^M 

(6) tfjia^®^--^ ffftai i iiitt^giffl«i±®^i 

W&£.tZ> (1) fc^U ( 5) lCfB*<Z) I HlMifi<it:^^<ft-K 0 . 



ffllE# 2001-3037487 



#2000-185554 

» * 

±t'3o%OTi:bferi:5:Mi:ti. (6) \zmn<ni 1 immtm^m^ 

(8) irflB^®^--^ 1 1 i^SfbTO^Ji^ mfcvyfctf 

U?A (GaN H P r fiU0<X<l) (1) £^ 

L (7) {CfBi£tf)I I IJ&fcgffcto^ttSBft^V;*-- K. 

[0014] 

o) ^n«#«3t«)»3fcass:-^tfM^fU9A (g a n) i immitm 

[0015] 

(10) gjfH^®^--^ fufB£M«McDMHc£&gtc@ES£4xTV> 
£r £%!&fflL£.T?Z> (.9) lCfB«tf)I I IISttf#«^^^-KMli 

o 

gfcajg£*iTVN& ~ £: (9) (1 0) fCSB«tf>I I ijgg 

(12) mmmw*-$v vmmtf. mm&mmMvtpfo&v^mMn&mizm 

tf&ftT^S 5 (9) (l 1) tc3B«©I I I 8?gffc«&¥ 

(13) tfflB^M^- ^ y * ^rapglcmSS ft-fc e>#^3 . 
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#2000—185554 

i * 

ftT'^&zuz&fflLn'-tz o) (12) izmm&i i immitm^mtt. 
(14) mzmm*- ^ v v mmtf> fffiB iii mmtmffighme>mm±<Di$m. 

(is) MfH3S®^-^^^«^<z)®«©^ft^ fflttmmmommmo) 5 % 

JW_b"e3 o%j^Ti: (14) fcfa«© I I I m&itto^m 

(16) ifmsig®;*-^ I I g<ftu>ft 

XV V J* (GaN H P r fibO<X<l) ^^^^.lil^iltS (9) & 

vxl (i5) icih«©i i im&it%¥m<myb#4*-Fmnmo 

[0 0 16] 

H3», ±ta (i) o) izmM&mmz&tDzm i (Dmrnmrnitm-? i 

I I «Sgffc*¥3*# L ED 3 0 0fcJ;t>'f(DSi(Z)i^§^t5fci»)©iffiI 
^it^S. & 1 <DM1&j&miZ&t>& LED3 0 011 ££3 0 1 £ bt^fffi 

^M3 0 9 i:UT»Wsri:^tf§*. BP'S, -9-7 r>f 7^<?)*liUfelStf£(Z)i£ 

«^iai»Sti, ft^ffltmmai I IJfcgft&LED&#Slc«&i;fc.& 0 *fe 
BB&ftlMLT, fHf«lC««©lg^-tC^Sf7?$, I I I«Sft«LEDS#»t* 
It, JIHI (Si), U >-ft#'; (GaP), Wl-ft^fU #A (G a A s ) 
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#2000—185554 

tf, {100} i&wi {ill} i:t5p^tfcttn^i/'j nytfmfc 

[0 0 17] 

#«t^^^sii3 o i ©MUifcte. u >ft«t (b p) mmwfr*>m 
m^nzmmms o 2*m-i2> a vy<tmm (bp) 3M*m£«, m^fcmnh 
rmm (b) w; > (p) 1 1 1 -v^t^^^§:^e) 

0 B P&ttUt. IT'J >fbMt (BP) icflux.. MAtf, ^tU>M^ (BN 
1-X P X : 0<X< 1 ) -f>y >ffc« • #U ?A (B H Ga y P : 0<Y< 1 ) ^ 
fimBT'gZ. B P^^JMlip ni^i3fyjl/Afn (DH) »3 0 5:M 

t^mb^f'j^A (g a n) ^©i i immitm^mi^iKD^oy^^y^- ( 

mismatch) #4>&V^ MAkS, ^MBlftik ( = 1 -X) & 0 . 03 (3 
%) ^tSBN 0t03 P 0i97 (ft-f£»=4. 5 1 OA) A^aiMCGaNi: 

[0 0 18] 

TX-^n-> (as -grown) ftMlZ&^T. £{C#&S#j^e>*/£3*l 

fiifg ( (C 2 H 5 ) 3 B) (PH 3 ) ( 

MOC VD) SUC J: y^RfiSS:*Sl2 0 0°C£M*i?fr5 0 0 r J6tT<&ifi£-efifclSI 
tsr i: tc j: »;#e>ti-6. Hifi-fbaiaB (BC1 3 ) /H^fcU> (PC1 3 

) fc!&&J\U>fy (halogen) (VPE) *S£flJMU ^ISS 



miiE#2 001-3037487 



mi 000-185554 
0°C&_hT*;&5 0 0V&>T<D%&m£.-r2><Dtf&TMV$>2> (#^2 0 0 0 - 5 8 4 

[0 0 19] 

2 0 0TCJS*_tT* 5 0 0TCJ^TO^ffi(Z)it«c^ffiMT^l^LfeB P^^m^&S 
<£MffiJii:, {EiMISJiJiJC^tiJ: U^MT*J«LfcB PMf^^^SM 

UXbflflfSl (BP) ^f,^5®MfItB P£tffimm£<D2Mfr*>mf&-2ftZ> 

mmmmm wj^-e $ £ „ wuwmm itmnm ocvd ^^^ji^Mg rj 

ffll/T^K, 8 0 0°Cfr*> 1 2 0 0°C(D?a^aT^m-r-5©*W* bV^ 
[0 0 2 0] 

££ 0 2§3'feg|S£#>Ol//\^n (double hetero:DH) ^*5gj^ 
£>#f&-f 3f^U7 (carrier) © rg/jc&ab^j lC<fc l J. t/y V 
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#2000—185554 
3 0 3R.Tf±B9 1 ?*/\*M3 0 5 3 *lT p n«^S!DHflf3g(0» 

SBffiSjRtrJi^^ttMMjRM^ft^^^Vy^ (mi smatch) (D'pfg. 
^ffi&Mfr*>mi8,-tZ><DtfM£L^ 0 XV (Ga) jffiffcifc&O. 0 

3 (3%) £-T5:fi:£&©y ^ffcUad • #U ?A (b 0>97 g a 0>03 P) fc, U> 
jfi^it&O. 0 3 fc-TSSi^fa^tU >{tXV *>U (GaN 0 97 P 0i03 ) fc, >f 

y&v&mi&jt&o. i 2 fc"r55£#Mffc#y ?a • -f yvvu (Ga 0 8g i 

n 012 N) illiH-©«^»4. 5 6 6A^ffS= £*lJ:».K B 0>g7 Ga 0 _ 
03 P««Ji±K:, GaN 0 97 P 0i03 H7«);KItU G a 0>88 I n Q#12 N fe» 
ftMfcOTte^«fr£#©$83fe&&«JifcT£S. BP'S, te^S ^Ty^tCjgHTS 

[0 0 2 1] 

I I I MftM^tt L E D 3 0 0 «^®{H!I©«M«, mmW&fa 3 1«t 
£-#/SM. P n«!^DH*3tCZ>^aS3 0 &*J**rs±3P*^:y K 

13 0 5©^®±iC^®^--^ y *««3 0 8 &@EfiU ±B9^y KM 3 0 5 
tiBt- vy^i!3 0 8©iII:tIU fio, »-5>y^il3 0 8 
£Sii"r<5«lC&ttfc I TOf©iiftSMWgii^)5;5Sl3 0 6 £ 
SMS*, ^13 0 6_fc<Z>tf»^«PlC£M«3 0 7 fctRttTflftSTSc HP13> ^ 
ffi^-v^t|3 0 8H Mtl3 0 7 ^MBC, U % i£8h&JMffi 3 0 
7fc8Mtt3irrfc, I I HlW#lt;LED3 o 0ffliioiIiM3 1 © 
^«^M (0 3 JCflfaVtS L E D 3 0 0 fC& o T «_tgP? 9 y KM 3 0 5) 

l±i:ffiit5ffl«T^5. £ffi*«3 o 7 i:^®^--^ y ?«*i3 0 8 i: 

it. ^jf3 o 6 &&-r i TOteznmm'&MmMfcmmmmziftisTmmzftz 
. ^13 o 6 iz&ftz^mwizKB^tt&Z'g&mi&mz^h. raja, m^*- 

$V?mm3 0 8 ^3fr?|&tfs«Sfe I TOM©fiittC52lB#fi 

*>e> : foW«itC«fiRT?§S. I TO^CDfM^t LTMMbM^ (ZnO) , 

(z n)- • II (s i) ...... 
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#2000—185554 

[0 0 2 2 ] 

#$&Wl±*ltC, TOlftlCjiT^i®;*-^ «^Si3 0 8 &^Mffi|3 0 7tf>MB 
ICgggbTI I I illtft W L E D S©^#ST'fe4. EJ4tCfgl 

3 1 (®3#M) 0 5 (El3#Hg) <Z)*®_tlC, &JM1§3 0 7 5: 

HS5 7-1 1 l 0 7 6#f«i« JC^S*iS*K©B!iS#Siltt^J&»J, ¥ 
[0 0 2 3] 

S3 Sr^lJMLTMlT&fC, £jgg«ffi3 0 7 ©T^TK:ffiS^Jffi*fli3 0 7 (DM& 
m&3 0 7 a»Ci*ttS*63fctt, #§ftgP3 0 # e>©383fc#£Mffi 3 0 7 1CJ:»JjK 

*P£ii#3 UfiitH I j£3tt4t>*g£«©#Sf««3 0 7 3 0 7 aJB* 

^©m^3 0 7 b (j^t> mm^mms o 7 b> <z>3iiB_LtcHss-*s. H4tc 

«5£H&^f„ BSSc»3fc<S«3 0 7 b tcfB«3*ifc*®;*-- ^ v ?mM 3 0 8tt 
Tttl»SCf&#fS«3- 0 7 bOT^ffl, Mx-l^v Stetf'JtfA- AlsWJ* (G a 
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#2000—185554 

Y I n H N l : OgY^'l) *$%%M 3 0 4 £ bT#^fe5§3tSP3 0 {CgSSA^SfSt 

D £ # -5 JC«r* #H $ ft -5 = 
[0 0 2 4] 

[0 0 2 5] 

_tfc&oT, &mnma>tpj&& y*BEJili©&«lca8tt5£fci: , r<&. 

[0 0 2 6] 



tfJSH$ 2001-3037487 



#2000—185554 

[0 0 2 7] 

o^-J&m^ffiS&^oTaB^ttf^StfK&^S-erStcStj^S&^-rs. 0 5 

«^5 o 8<D-mmmm^mB-t^>^m^mx&^ 0 j^&khu 

^ffiM 5 o i <Dffim<z>mmzi3mmM5 o 7ic*f-LT^^©MK:, (n 

) &mWtii5 0 7 <D$tfo&tpfo£'t&¥&d ^tftp&dz d 2 >d P ® 

2O0^R®RI5O9, 5 1 0±0)m.ffiffilZ&* > 6iti5 0 7©^b5 

0 7 c^e>«BE«S:#^ So (/\) l^-©RM± (5 0 9 *fctt5 1 0) {C*B 

JLJC^fSPBtC^lffi^--^ y ^mfll5 0 8 &EgtTS:5Si&lt5 I I IffiM 

ft4&¥»#LED<Z>¥®&5*i0T?&$. 0 5(C^lT#I<> BBtt38)t««5 0 7 b 

tfe&8£jia-t!:<&£fc#T?£, lot, LED©J||»aSK;&ttS*3fc#fc<$&3fea& 
[0 0 2 8] 
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#200 0—185554 

-Sy *&M*gffiff^fln^*£4:K: J: IK JII#|6J«ffi (forward via 
s :Vf) tfmzMlU-tZ*m& £*lJ:»J, *^^<D^6(7)||ig^MT' 

a, mw*-$ v ?nM<z>wm<z>&nt (= a) m%%ftfi&&<z)!ftBfti (=b 

) KMU Jt^S (=A/B) tCL/T 5%a±T'3 0 %J£*T |Cg|5£*r -6. ltfc*OfT% 

mm^mmommm (=b> «®*-^*«ffi3:ij«'r 

T^2.e>*i*ffi8n?&«. y^MOiBfllo^tf- (= A) t« 

[0 0 2 9] 

mmmytmm^mmm (=b) c£»&s®*-sy*«ffi©m8t©^#f c=a 

f-ttjgii»iciirin"t6^iJ^*«^DS. fufB#i@&«sa<z)JW<z> i i im 

£ftI*tfM£#L E DlCirb^bT, V f 2 0 %fr P, 3 0 %J£Lt fcfcif* U 4. 
5tf^h (V) S«ATilr<&S»^ J b*S. B8ffl[»3te««lCfe^T^iB 

* - ^ ^ * mm & ^ v> & m. u-t & ±m a* £ ti t v % & & 

Jfcsp ( = A/B) ^WO&StCotl, ^&)!i!6li®t-$*;>tii:J: 

wst»^««©iift®fli (= b) iz&®z>mw*-$. vtrnmawma&w (= a 

) ©JtSStf 3.0 ftri3$?ji&|gBtf>i»(Z) I I I BsS-ffcift^MIMfc L 

E D{Ci«bT, m%-&mi5fcmm i 2 0 mAfCSttS L E D©$&*feg&g#, ,ftj4 

[0 0 3 0] 

Mxtf, 1 2 0 /tmfc-r§PI7g©£&*ffi&fll;tfc, -ia©5^&3 5 0 



ffiliE# 2001-3037487 



#2000 — 18555 4. 

•5c ^(Dmnm^tmm^mmm (=b) kmu mm*-^v?mM<n^m<z>& 

ft (= A) £ 5. 5X10" 5 cm 2 (A/B = 0. 05) &±X 3 . 3 X 1 0 " 4 
cm 2 (A/B = 0. 3 0) £TF £ ~* Z> 3 H tC <fc »J , f#i±TJtpi# 

. 1 X 1 0~ 3 cm~ 2 (=B) ttSfMM^i:, itg^2 0/ t mit5Ri 

(D^®^--^ ^y^s^^iti 2freg-r*u£, m^-^ ^^m^©®«(Z)^ft 

( = A) it 9. 4X10" 6 cm 2 ^j;fJ 1 (A/B) &j&8. 6%Jlt5I 

I IilttmLEDAWtS. i« (A/B) ^®^-^^y 

*«@©am mi, ^^t^^m^mtfvxmm-t^^. mitm^mzmi% 
frbmi o%<DV&mt'ts>t.. i5^&yt&tm&&?>. &&r^4&^v f © 1 1 1 

©i i immitm¥mw>M(Dmmz.mi&m&\z2b^x\%, z.v>&w> (=a/b 
mtf2bz>tcisbx$bz>. mizmw*-^ ? tnmz vm<d i i i^mj^m 

©^MKUKW-S p-9--f FT y^" (side-up) SffflLEDtii, Jfc^s ( = a 
/B) Srnlf-f Fry ySLED©»^KI»Jii:34x5Jt^8 ( = A/B) &C*fL 

xm i fues^ctcK^-r s e>*is. 

[0 0 3 1 3 

h (contact) M) <D&tt&&-t&m&*--$y9mm<D&M&1fi&& 

-rn«#uffi!is*i»s. lot, *»w©«7©igj6^j!i-ett, ^®^--^y^« 

«S:iE«-rSflUi*5t#«^«S:SfbU >tt#y *A (GaN 1-x P x : 0<X< 
A (G a N) XlhZ> - 2 6 8 2 5 9 ... b 
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3bMyGaN 1-x P x (0<X<1) lC&oT&, U >m^it (=X) (DMSICiU 
mit^mZmitZ^btlZ (AppI. Phys. Lett. , Vol. 6 0, 
No. 20 (1992), 2540 — 2542 = SS-g-TJltf, U 

it (=x) (D^ic^u, a-fb^y^A (GaN) icttt-r, giit^i© <fc U/h 

[0 0 3 2] 

mZ.lt* iS4 5 0t;^-;5t (nm) (DW^Llg^tC^fSf Sj8#x* ;i/3r- & 
^J2. 7 5eVT*&£„ 5 2 0 n m©j|Sl£383feJCffiJS'r £3S^X* ;b 

3r-tt*&2. 3 8eVt'^„ ^oT, £ fc. <b fl&ftJI fc^T * L E 

DlCo^Tl£^2. 8eV>m £ IStf&IS^S: fefe ^-TDIftjg £^-f £ L 
EDtC&oTta,1$2. 4 e VJ^_h<Z)^lh^i|ig$:^'r-§>G a N 1-X P X (0<X<1 

So mfcVyfcJSVV& (GaN 1-x P x : 0<X<1) ffl»«A^LT 
(gffSH A ppl. Phys. Lett. , Vol. 60, #flg) > 

»6a>««lC*fLT38iaffiJC«tiSn>4r^ NMli, V >il!BJ*it ( = X) & 5 % 
(X=0. 0 5) HT^t5GaN H P x (0<Xg0. 0 5) *^«^|> 

. U>|fif£Jfc ( = X) &5% (X=0. 0 5) J^T^-TSG a N 1-X P X ( 

0<X^0. 0 5) <D&WV<?>g£±mmi*1ft2. 8 e V&iiSfc^ 

t53>^^ hJff£ LTfe^MT'^SfU G a N^jP^fe 3 

Au) • y;uvx^A (Au-Ge), i-fi(Au-Sn) 

Z n ) , & • Mm ( A u • Z n ) ^<Z)ffi$& ( Z n ) ^^^^ • ^ V V V A ( 
Au • Be) ^?>W-^'^ii^MT'fl>. 
[0 0 3 3] 

mm] 



1 8 



2001-3037487 



#2000—185554 

[0 0 3 4] 

^m*-- $ v 9 mm* 1 1 1 mm£Vs¥m<*ii£&m<Dmffi±<D&mmm<Dttmm. 
muKnam mm^ytm®) mftzftm^mv &-t<D£>mM& 

[0 0 3 5 ] 

wmnybmi$<D&m±^ ^mmmo)^^zMLx&^M^o)^mizmmvr=.m 
vtmrnit. mMmytmrnizm^mizR^m^izm^m^mm^w:^ 

[0 0 3 6] 

o 

[0 0 3 7] 

5 v ^ iz mmm & % o x mm £ n fe^ts© mm & <=> $ n a- - ^ v v mm 
it. mn^mmizmx^i±^m^mi^mm.o)mmmma)mmt^mtz't^m^ 

[0 0 3 8] 
[0 0 3 9] 

gftU^ttfy *A (GaN H P x : 0<X<1) *§£Ji«:*i5rt-- $ y 
[0 0 4 0] 

(UiSSMl) - - - 
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-a' ica^fcWffiSSsserc&s., 

[0 0 4 1] 

L E D 6 0 0 6 0 1 ±lC#C©#Ji 6 0 2—6 0 5 Zffix.fz.mmmMfa 6 1 

(1) mm (b) & K-^Lfep^#*tt© (ioo) n&m-t&s ifea^ 

?>^-5*^6 0 1 

(2) hUxf;i/^7> ( (C 2 H 5 ) 3 B) /•foT.yjy ( pH 3> (H 2 
) fcfo&<Dig&. (*^Eh) MOCVD«StC«fc»J, 3 5 0°CiC^VNT, P Hg£ ( 
C 2 H 5 ) gB©#U&Jfcs»S (V-/I I IJfc^S) Sr*&3 0 0 JCtBJt LTJ&RS**:, 
SJ¥§:^2 0^-7 ^-^ (nm) tt5ZnF-^P^'J>fl:«* (BP) 
&&5<£MJS«fM6 0 2 

(3) hV**JU#VVJ* ( (CH 3 ) 3 Ga) /T^-T (NH 3 ) /PH 3 / 
H 2 £j&&<Z>f£jEMOC VD&tCj: »J, ( (CHg) 2 Zn) & Z n 

(?) K-fcf^JKtti: IT, ItftHp^B pfiMftftJi 6 o 2 _tic*«r 1 o o ottl 

life, «J*S:*&0. 8/tmi:U ^t'J7i^|jl X 1 0 18 cm" 3 tt5Z 
n F-^P^U^LMI (B P) W&gkMe 0 3 

(4) (CH 3 ) 3 Ga/h U^^;i/>f yVVhs ( (CHg) gin) /NH 3 /H 2 
KJ£*(BSEEMOCVDSslC «fc U, 8 8 0 °C t/SfiS-ft fc, ¥*£«Pfe>f > S^tf A' 

(In) ,MftS:»0. 06 (6%) £ L, I njffi/££ffij8««»0>ffi ( p h 
ase) #e>&5#ffl*3g;fre>&<5, J9J9&^8 n m£-T£ n^ffc#U ? A • 
>f >S?tfA8Sg (G a o g4 I n 0 06 N) # fc&SIBftJS 6 0 4 

(5) (CH 3 ) 3 Ga/NH 3 /H 2i K^OfffiMOCVDS(C<i:y, 10 80 
"CT*/£;R£-e:£Jiff£j|$0. UmtU 3f-v U y?i£i£$J 2 X 1 0 18 c m~ 3 t 
tS ni&&{£1fV (G a N) 1605 

[0 0 4 2] 

p n^M^^u^^o <DH)-iS-&«l3it-©^-8lJ-ao.ii v {£?MffiJi.6 0 Z± 
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JCflt'jSS-Brfel&IHp^B Pf^l6 0 3 &TSP*9v KJS£ G a 0>g4 I n 
0<06 Nl6O4mii:U n^Ga NJS6 0 5 &±gp^>y KJBfcb 

TfltfigLfe. ±gp*^>y km 6 o 5(Dmm±o)^mmme o KDMmnme o i 

aJK^G)BB»^1i«6 0 7 bJCtt, £ (Au) ^e>*:4ii^(Z)^iiit-$ 
«i6 0 9^ILTHIlfe. njf^CD^ffi^--^ 7^116 0 9 te. _fc£P^ 
>y KJB6 0 5 (D^m^M-k-K. ± (Au) COK^^T*^ L £t*a<D 
7*h'jy^57^ - (^JfcfcSf) ttWf&ffJM-T ^a&fl-LT, 

9 *j KM 6 0 5 0g®±}:ii^©»-5«y^ti6 0 9 

I TO) **e,fc£i8JS6 0 6 &«jB31irfc 0 ^16 0 6 I TOiCDiS^ 

tt,^6 X 1 0"V-A • -fe>^-^- h;b (Q - cm) JBJJtei® 5 5 0t 

y*-# (nm) thtc. 
[0 0 4 3] 

>y ^*^6 o 9 izMz-T. teftUDy* V v vtr^yj-Biffi^zmm 

it, mmmmwmfaQ nc^sis^iTLED 6 o ozmf&Lt=. 0 

( 1 ) ^16 0 6©rfJJfeUJC^Lfe, ^ (Au) jb* 1 2 0 /tmt 

■f £P3?£<£>£J^WI6 0 7 
(2) S i#*£H£«6 0 l<DmmV>K&±miZB!&Lf=.7Jl$-y<U (Al) ^ 

vBa>MW?t-^ V 6 0 8 

[0 0 4 4] 

n^©*®;*-^ >y ^S|6 0 9 it. 3 0 fi m^fSIWJ— ©P3^(Z> A 

u^e>«s«^JB««S:, IWfl[«^1S«6 0 7 b©^M±©^ft8mm{c@BSbT 
«j£Lfc„ nmo^mm^r-^ V *®IS6 0 9 ©®«t©^tt (=B) 5 . 6X 

1 0" 5 cm 2 i bfc 0 StM;f- ^ >y 6 0 9 «£j^«@6 0 7 

fctS^Sl 2 0 ^m©PJMJl®^fi{C, tN>#&4 5° £ L, SV^cMSglt 

{clt,^4 6 d m(Dmmm^ ^x^M^xmu\^t=. a 

s i «fH*« 6 o i [ 1 1 o ] jj fanmm&zmmLT. nme o. 



2 1 
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7~6 o 9#j&&ztitz.mmm$k<*G o z-mm&xv^j -f^mz&vmMM 

6 0 0i:^fjbt„ *y7 6 0 0©¥®EMK«— m*ffi3 5 0 » m 
£-T5lEM^U 61«i6 0 7 ©fcgtttifgafcK 1 2 0 /im^tt, Mem 
^fl^c6 0 7 b<7>®3» ( = A) fcM&l. 1X1 0~ 3 cm 2 £Lfc. ioT, MM 

o 7 b©ttffi«f:i5ftsaist-^ v 9nm<Dnm<D&&<Ditm (= 

A/B) tt*5 5. 1%£&o£ 0 
[0 0 4 5] 

&mnM6 o 7&zpnm6 o 6Sgaut*iiit-$7^«I6 o 9 £*®;f- 

(-f) $83fe»;B=4 4 0 nm 

(u)mytmm=i. 6*>f7 (cd) oau h»i«j*^=2 omA) 

(A) WS^fnlSJ±= 3. 8^;i/h (V) UBU JIi#fa«Sf£= 2 0 mA) 
(-) a»*l^«JEE= 2 0 VJ^J: (fib, i£#|oJ«^ = 1 0 /* A) 

[0 0 4 6] 

2 ) 

fcttM*5Sffi«©*M*-^ y ?«ffi6 0 9 I I 

K7 0 0 &^«(Lfc#IS:Mv^T*»WS:SlW'rs. 

[0 0 4 7] 

&8lZ*&teM2K&t>& I I Iii«f#*LED 7 0 0 CD^Hf&B&gl £^ 
08 JCfc^T, 06 lC3a«Lfcfc®£H — 0>aS#tCOV*"rWU 06 £|f!|-<D 
^S:fifL'T-€-©3tt9!S:#li»-rs o 
[0 0 4 8 ] 

#HJ6M2<7)I I II1»##LED7 0 OTftt, 6 0 7(DjfH© 

MM^t6 0 7 btc(j:, T«$:^ (Au) U ±« (N i 

o x : *ru xii-fe l ) £ -rsM flliS©*^-©-*®;*- ^ y 6. o 9 



2 2 
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SrKW-T&S. Wftom^*- 5*;^ 6 0 9 (DftMlts — 3 2 0 n m<D 
JEUmOLED 7 0 OOKMWlZlxV&lsTiEJjBt U 120/im 
fc"*-smg0#Mffi6 0 7 ilffliK^itTH^i: L-£„ #JMffi6 0 7 
0 7 c bWikft^m* - $ 7^W6 0 9 0)*MitcM&BB*ifcj:l 2 0 #mlCL 
. R^W^fCMSSEHttt^e 0 7 cfr£¥&lCLT 1 0 0 n mJClBJt 

Lfeo «:fotf, — j2& 2 4 0 ul mtL-t&sEJjm&tp&B-frb. fig 2 0 0 ti m(D 
PJ0&C«c£< l Jt^tWt©»-5-^li6 0 9fcL Mii6 0 
7©tf^£>6 0 7 c &®*^*i(KC2it5^i»D©^'4xK:||LT£*^*fc3&SBB 
Ut L PBJJ(»3fefla«5 6 0 7 b<Z>Ma«&C£#>£:gtB;f- * 7^116 0 9© 
3l«<Z>i« ( = A/B) te,ftj2 8. 8%£l,£ 0 
[0 0 4 9] 

IMl I TO)K$:^JS6 0 6 tLTtt$itfc 0 fttf 6 0 6 ©tfijfejcitt^ 

(Au) *&i!i!^Itii6 0 7 &S»fc. Si^ B H B li6 0 1fflIlC7^ 

^ — ^ a (ad ^ p,^»-^^t 1 6 o 8 mmzwm 

f S**9-f ^StClfcy^trLTL E D700£&L-fc o 
[0 0 5 0] 

LED 7 0 OtCoV^T, £j£&|£6 0 7 fc&Ef;*--* v *®ffi6 0 8 ©raiCgfrfN 

£ S^fE L & © #<Si ft T © £ £ U T- & o . 
(>f ) $83fci8hR-=4 4 0 nm 

(a)»3t»s=i. 4A>f5 (cd) mi^. m^mnm=2 0mA) 

(A) Jl#lRjSffi= 3 . 6/K;t/h (V) (fib, JII#fnJ«^= 2 0 mA) 

(-) mxmmj±= 2 0 v^u: asu i£#r«js^= 1 0 * a) 

©^-'S^lElT^J^Lfc^T:^ -;b K (near field) 

tife.- £*v&, mj^^^m^c c#ib s ti fcasa* e>3t®* - ^ ^ 9 mm 
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[0 0 5 1 ] 

(§H»J 3 ) 

A (GaN) 16 0 5 (D±iZ > JglC^"-^ *;?3>^M610 fcLTg-f&U 
>-fb#UtfA (GaN H P x< fiUX=0. 0 3) $ iifcBUi «3tft fcfll 

MITI I IilWiftLED^lfc. *mfi«l3 IC«*)S I I 

[0 0 5 2] 

hJS6 1 0 £ U >Mit5: 3 % h *■ S njggfb V >ffc# 
U^A (G aN o g7 P 0 03 ) NU^f^'J^A ( (CH 3 ) 3 G a ) /T> 

^^-T (NH 3 ) /**7>f> ( pH 3> (H 2 ) S^^ffiMOCVD 

&JC<fc»;, 9 8 0t«lfe. (Si 2 H 6 ) $: n?^ K-tf>y^XlC 

ffiVMT, y^=l>##NJg6 1 0©^ft'JTiH^2 X 1 0 18 cm" 3 iC 

o 

[0 0 5 3] 

n?£G aN 0(97 P 0i() g*-5 V * n > # ? M6 1 O0iifflWM«6 0 

7 bjiicti, njfeM2 tm-<DfrMW:£.mffim$:m-?z>± (au) a^as*® 
t-vv^ii6 0 9 MLt, n»j2jcfa*£[Bi*aHc, 

^ »;^SS6 0 9 0 6 fe&tl TOJBtTfi&RU I TO^jf^^^MC 

, TltffnA (Cr) £mJ>, _fcS*^ (A u) ^&*^3*lSittS& 12.0/1 

mt-tznmv&mmMG o i zmmistz.* p^si^isseoi® 

affi<DBg^:®{Cttr;i/^— #A (Al) >y ^«*I6 0 8 

tt> IIIigW#ftLED«tf:„ 
[0 0 5 4] 

n^G a N n Q7 P„ y # 3 > # KI 6 1 0^®<Z).BBfit«3tM«.6 0 7 



2 4 
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b±tc*M>-^ ^ y««6 o 9 &»wTjB/£Lfc#^i6W3<z)i i immtm 

W) »3fc®«=4 4 0 nm 

(n)»3M£=l. 3jj>f7 (cd) (fiU Jl!S^|nI«^=2 0mA) 
(A) JG2ffflmffi=3. 2tf;i/h (V) (fib, JE#ffl*«& = 2 0mA) 
(-) 5£#r&J«i± = 2 0 VJS*_t OfllU ^^fRl«^= 10/tA) 
#H«5#9 3-C#&*lfcI I I«SflI«^ftLEDtt, HI»J2T*#£I I I#§ 
^ft$>¥#tt L E D £ JfcigeL T, #gftMU&0^#ft«ffifc^ b fc^iMW 
fctifc^fc©©, G a N 0i97 P 0i03 ISt-$ v Vny% ? hm£.-t&t=.&>. M 

[0 0 5 5] 

^^©^S(ci2fi-rs, (2) #j£««©^frJ:y^ffi«£fc5&BKffiflrr 

S, (3) ^^«M5:SvMc^raPglc@HfitS^©^?:^ffltSi: 

©II I^S^^^LED&^SJcaj^^tf 
[0 0 5 6] 

$t>iz%imwic.&^T, &m*-s.y#nm : &&<tv>fcifvyj* (GaN H 
p x : o<x< i) m&m<Dmw±izm-tz>£.. jR#ra«ffi#3£-c<£8*3.*Lfci 
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[0 0 5 7] 

[01] 

[0 2] 

fi£3fe©I I I»Sg^^#LED©5pS«^:BIt?*S. 
[03] 

*^tC«t>«^IS*-^^^««S:«l^.feI I iMttflftLEDCDl! 
[04] 

*5§0^1C»^^®^-^ y I I IIMWLED©ffi 

[05] 

[06] 
[0 7] 

0 6 IZB? LED <Z>®ft A - A ' o £ M^Bt^S . 
[0 8] 

*^©HS6W2tC«*3« I I I ISftft^iftL E D0^ffi«^07f fc.S. 
[09] 

*mm(DmmM3 iz&t>z> i 1 niftw^L e dom^bt^s. 
[^©me^i 

1 o ig^gp 

10 0 II Iig«^#L E D - - 
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1 o"i '■y-yyjy'mffi. 
102 MffiM 

10 3 TB 9 5 v KJf 

104 ftytm 

10 5 ±gp V ^ v KJS 

10 6 p7£*--^ v 

10 7 nffi.*- < *J9W& 

2 0 0 IHMi^LED 

201 mm*~^vtmM 

2 0 2 

3 0 $&%W> 
3 1 

3 0 0 I I IiiWiftLED 

3 0 1 £4K 

3 0 2 ^ffiS 

3 0 3 Tap* 9 y KJf 

3 0 4 #§}tjg 

3 0 5 JiSP^y KM 

3 0 6 ?&M 

3 0 7 

307a &mnm<DM&m® 

3 0 7 b BBft3S3ftg«c 

3 0 8 y >7%M 

3 0 9 Mftf-^y^M 

507 &mnm 

5 0 7 b BBft9&3%ffi«c 

5 0 7 c ^ffi«fl|<7)tfJii> 

5 0 8 ^M^T— ^ 

5 0 9 ^H&djfctSRCDPJfll 

2 7 
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5 


1 0 


d 


1 


d 


2 


6 


0 


6 


1 


6 


0 0 


6 


0 1 


6 


0 2 


6 


0 3 


6 


0 4 


6 


0 5 


6 


0 6 


6 


0 7 


6 


0 7a 


6 


0 7b 


6 


0 7c 


6 


0 8 


6 


0 9 


6 


1 0 


7 


0 0 


C 




D 





mmmm<* 

I I iMWiftLED 

££& 

3r — ^ v $ % 9 bM 

1 1 1 mmtvs^mfo LED 
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2 9 ffliE#2 0 0 1 - 3 0 3 7 4 8 7 
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imm&i mm 



10 6 



1 O 



1 O O 




10 7 



1 O 2 



[02] 




2 0 0 
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3 O 8 



3 O 



31 



3 O 7 b . 3 O 7 . 3 O 7 b . 
. L ^ * J — _»h 



I ' I " 









1 I 


: i T 




3 O 7 a 











3 O 1 



^3 O O 

3 0 8 

3 0 6 

3 O 5 

3 O 4 

3 O 3 

3 6 2 



3 O 9 



[04 3 



3 O 6 



3 0 8 



3 0 6 



3 0 8 




3 O 8 



3 0 5 
3 0 8 



3 0 6 
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"[05] 




| 6 O 9 

3 5 0 ti m 
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5 4 



mi] 



6 O 9 



6 O 



6 1 



6 O 7 b 

.«- 



6 O 7 



6 0 7 b 

( 



6 O 1 









1 — 1 






6 0 7 a 











^ 6 O O 

6 0 9 

6 O 6 

6 0 5 

6 0 4 

6 O 3 

6 O 2 



6 0 8 



8] 
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6 0 9 



6 0 




6 0 8 



mum 2 o o i 
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immzi 'mmm 
mm) 

mm] fc&oi i issftftfiftLEDttt, *- $ y tmmzmti&'&m. 
m&mm mm&£tiL±Kv>itmm (bp) *««jg«:^LT;KSb;M*s 

*K W»#3ftK©I I I«Sft«f#*LEDS:i«tS. 
[383*0] EI 3 
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